Types and patterns of pollen lethals in Datura stramonium, as induced by different radiations, were studied for the purpose of determining relative biological efficiencies and responses. Previous reports by the authors have given the effectiveness of thermal neutrons' and of fast neutrons from a nuclear detonation2 in producing pollen aberrations. The results herein recorded are comparisons of mutation types, rates, and sectoring of plants arising from Datura seeds exposed to (1) Xradiation, (2) thermal neutrons, and fast neutrons from (3) a cyclotron and from (4) a nuclear device.
Types and patterns of pollen lethals in Datura stramonium, as induced by different radiations, were studied for the purpose of determining relative biological efficiencies and responses. Previous reports by the authors have given the effectiveness of thermal neutrons' and of fast neutrons from a nuclear detonation2 in producing pollen aberrations. The results herein recorded are comparisons of mutation types, rates, and sectoring of plants arising from Datura seeds exposed to (1) Xradiation, (2) thermal neutrons, and fast neutrons from (3) a cyclotron and from (4) a nuclear device.
Analysis of mutation rates as indicated by induced pollen abortion in Datura has demonstrated a marked difference between the relative biological efficiency (RBE) of detonation neutrons and either gamma or X-radiation.2 Fast neutrons from a nuclear device apparently induce the same qualitative types of pollen lethals as gamma rays or X-rays, but the sensitivity ratio, or RBE, is probably 13 or 14. A dose estimate of 760 rep of detonation neutrons compares with 10,000 r of either gamma of X-radiation. Detonation and cyclotron neutrons, considering the difficulties of dosimetry, have not been shown to possess significantly different biological efficiencies.3 Thermal neutrons have a somewhat lower effectiveness; their RBE is about 11 for the production of certain chromosomal aberrations in Tradescantia.4
As in previous studies, radiation effects are evaluated in terms of pollen lethality.1 2 The rates and types of pollen abortion give, with considerable accuracy, the relative biological efficiencies and responses. Pollen abortion in Datura also affords a convenient means by which large numbers of plants can be analyzed for both qualitative differences and aberrant sectors. A companion article, concerned with h&.-chromosomal condition of these plants, is Experimental Procedures and Results.-Seeds employed in these tests were of D. stramonium, Line 1. This line has been brought through a haploid generation and selfed for over forty generations. All seeds were dried to a moisture content of 4.9 per cent before exposure to radiation. Four separate lots of seeds'were exposed to X-radiation, thermal neutrons, and fast neutrons from a cyclotron and from a nuclear detonation. A fifth lot of seed constituted a portion of the untreated control. No seeds were used from flowers that yielded more than 1 per cent bad pollen. Seeds exposed to detonation neutrons were shielded from blast, heat, and much of the gamma radiation, as previously described by Spencer Analysis of the results on types of pollen lethals induced in Datura by these different radiations is complicated by the fact that some treatments are not equivalent. However, the large size of the samples and the magnitude of the effects allow definite conclusions to be drawn from some of the trends. Decided quantitative differences are evident; yet there appears to be no such qualitative variation or differential response among samples exposed to either type of fast neutrons or to X-rays (Table 3) . Ratios of chromosomal type to gene type of pollen abortion are quite alike for these three exposures. These ratios, ca. 4:1, seem to hold whether the data are based on a random sample or on a two-or four-flower sample from each neutron types show that different qualitative responses or biological differences are not induced in Datura by these dosages. Discussion and Conclusions.-Analyses of pollen lethals evident in Datura plants developing from seeds exposed to radiations clearly demonstrate a marked difference for the relative biological efficiencies of fast neutrons from a nuclear detonation and fast neutrons from a cyclotron as compared with X-radiation. Detonation neutrons and cyclotron neutrons apparently induce the same sort of biological responses but are much more effective, thereby resulting in high ratios of aberrations per unit dose. The exposure of Datura seeds to cyclotron neutrons was not enough to give results equivalent to the X-ray dosage; however, the data on pollen lethal types show the qualitative effects provoked by detonation neutrons, cyclotron neutrons, and X-rays to be the same. Fast neutrons from a detonation have a relative biological efficiency of 13 or 14. This figure for the RBE of detonation neutrons is the same as that previously reported by Spencer and Blakeslee and is in agreement with the figure obtained by Kirby-Smith and Swanson and others.3' 7 A dose of fast neutrons from a nuclear device produced the same quantitative and qualitative effects as an equal dose from a cyclotron.8 The same relative sensitivity ratio (ca 13:0) for the two kinds of fast neutrons is provided by the data both from chromosomal types of pollen lethals and from gene types. Apparently the same ratios are caused by the different exposures.
The relative effectiveness of thermal neutrons has been reported to be about 11 or 12 times the efficiency of X-radiation as measured by cytogenetic change.4
The results reported here and previously1 allow no definite conclusions to be drawn concerning relative effectiveness of thermal neutrons as compared to other radiations; however, a qualitative difference or response is shown.
Ratios of chromosomal types of pollen lethals to gene types are the same (ca. 4:1) for the X-irradiated and fast-neutron-treated materials but quite different (3:2)' for the thermal-neutron dose. Biologically different responses for thermal neutrons as compared with X-rays have been noted by other investigators.6 9 Unlike these other observers, who noted gross morphological changes as different qualitative responses, the authors of the present report observed no external structural aberrations unique for thermal-neutron exposures. The differences detected and recorded here were for pollen lethals.
In conclusion, the relative biological efficiencies of fast neutrons from a nuclear detonation and an equivalent dose from a cyclotron appear to be about 13 or 14 times that of X-rays when mutation rates based on pollen lethals in Datura are compared. There is no significant qualitative difference induced by these radiations; the production of chromosomal to gene aberrations is about in the ratio of 4 to 1 It is rather obvious that any property of the Riemann zeta-function may be expressed in terms of some other property of the function p(x) defined as the fractional part of the real number x, i.e., x = p(x) mod 1. This note will deal with a duality of the indicated kind which may be of some interest due to its simplicity in statement and proof. In the sequel, C will denote the linear manifold of functions f(x) = cp( ),O< < 1, n = , 2, .... Let CP denote the closure of C in the space LV = LP(O, 1), and let Ta, 0< a < 1, be the operator which takes a function f(x) defined over (0, 1) into the function which is equal to f(x/a) for 0 < x < a and equal to 0 for a < x < 1. This semigroup of operators has the following properties which will be important for our problem: Each Ta carries C into itself and is norm-diminishing in each space LP. From this we easily conclude that C is dense in LV if and only if CV contains the function k which is equal to 1 over the unit interval. For, if k belongs to CP, the same must be true of the characteristic function of any subinterval (a, b) of (0, 1), this function being equal to Tbk -Tak.
We next point out that, for a > 0, For f e C we will have n ¢(S) ZcO:s folf(x)x e dx= -1> 0. (2) Assume first that CP = LP. We can then find an f e C such that III + flip < a, where e is a given positive number. By equation (2) ,
